We report a novel and simple one step method for the synthesis of spherical gold nanoparticles (SGNPs) by the reduction of gold (III) chloride trihydrate (HAuCl4) through a surfactant free single step method. High resolution transmission electron microscopy (HRTEM) was evaluated to depict the morphology of SGNPs. TEM images reveal the homogeneous spherical gold nanoparticles formation. The average diameter of single SGNPs was calculated to be ∼2.5 -5 nm. In addition, the existence of gold nanoparticles was investigated by X-ray photoelectron spectroscopy (XPS) and UV-visible spectroscopy studies. Also, Surface plasmon resonance peak of SGNPs recorded via UV-visible spectroscopy. We expect the method introduced in our work may be more useful for the large-scale synthesis of gold nanomaterials and for multifunctional applications.
Introduction
In the recent years, the synthesis and application of metal nanoparticles have attracted considerable attention due to their unique physical and chemical properties [1, 2] . There is enormous interest in metal nanoparticles, i.e. particles in the approximate size range 1 -10 nm have been evolved. These are used in a variety of applications, the most important of which is catalysis and industrial processes such as petroleum reforming depend on catalytic metal nanoparticles, as do the catalytic converters used to clean up motor vehicle exhausts. Metal nanoparticles are also used in a range of other applications, including the labeling of biological samples and hydrogen storage. One of the challenges in this field is to make the particles as small as possible, with as narrow as possible a range of diameters. Since from the discovery of gold nanoparticles (GNPs) by the citrate reduction of HAuCl4 reported by Turkevitch et al., [3] GNPs paid much attention by the researchers and scientists because of their classic and excellent stability. Also, utilization of metal nanoparticles in electrochromic devices, optical devices, biological sensing, catalysis, etc., [4] [5] [6] [7] depends on the size of the nanoparticles.
Gold and other noble metal nanocrystals find importance in different branches of science [8] such as catalysis, catalysts for the growth of nanowires, nano-medicines, nano-electronics, etc. For most of those applications, their size and size distributions are of crest importance. To utilize the size and quantum confinement effects of GNPs and to tailor properties of GNPs, it is very important to prepare the defined size and mono-dispersed GNPs synthesis. Different methodologies were adopted to prepare the GNPs such as, micelle or reverse micelle, laser ablation and wet chemistry [9, 10] . Nowadays, utilization of GNPs becomes most important in various fields. In addition, the method for preparing GNPs with novel shape, structures and effortless is still limited. On this basis, more and more attentions have been devoted to the synthesis and characterization of well-defined metal nanostructures such as nanowires, nanorods, nanospheres, square, triangles, cubes and branched particles etc.
Recently, one-step synthesis as a very simple procedure of preparing metal nanoparticles and nanowires has been extensively studied [12] . For the reason of large scale practical applications, it is necessary to find some cheap chemical agents to act as precursors. Considering the above grounds, we report a facile and surfactant free a synthesis of SGNPs using sodium borohydrate as reducing agent to reduce HAuCl4 through a single step method.
Experimental Methods

Materials
Gold (III) chloride trihydrate (HAuCl4·3H2O), sodium borohydrate (NaBH4) and ethanol were purchased from Sigma (Korea). All chemicals were used without further purification. Distilled water was used throughout the experiments.
Synthesis of Spherical Gold Nanoparticles (SNGP's)
Gold nanoparticles were prepared according to the following procedure: First the aqueous solutions of HAuCl4·3H2O (0.054 mM, 5 mL) was stirred under vigorous condition. Then 2 mL of freshly prepared NaBH4 (0.2 mM) aqueous solution was added drop by drop to the above stirred solution and continuously stirring for overnight at room temperature. Gold nanoparticles solution was centrifuged three times at 3500 rpm/min at room temperature for 30 min to remove other unwanted impurities as much as possible.
The mechanistic formation of SGNPs exists in two stages: In the first stage, while vigorous stirring Cl -ions are exchanged against AuCl4 -ions. In the next stage GNPs are generated by reduction of the confined AuCl4 -counter-ions by NaBH4 as shown in Scheme 1.
Scheme 1 Preparation of spherical gold nanoparticles (SGNPs)
Characterization Techniques
The morphology and size of the SGNPs were investigated by 
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then placing a drop of dilute suspension on a carbon coated copper grid. UV-visible spectra of the samples were recorded using Schimadzu UVvisible spectrophotometer. X-ray photoelectron spectroscopy (XPS) was used to characterize the SGNPs.
Results and Discussion
Morphological Studies
Gold nanoparticles have been achieved by the typical reduction method of gold solution at room temperature. Fig. 1a and b shows the typical TEM images of SGNPs from lower to higher magnification. In the Fig. 1a shows the aggregation of uniform sized SGNPs. Fig. 1c displays the single spherical gold nanoparticles with an average diameter of 2.5 to 5 nm. Generally, 5 -15 nm size of metal nanoparticles was exist in the spherical or sphere form reported by Dabbousi et al., [13] . This gold nanoparticle was expected to possess surface plasmon resonance because of the free electrons travel in the metal (d electrons in gold). Fig. 1c reveals the single spherical gold nanoparticle existence. In addition, Fig. 1c inset shows the Fast Fourier Transformation (FFT) of SGNP exhibit three intense rings, suggesting the preferential crystal growth in one direction. 
Elemental Analysis Technique
X-ray photoelectron spectroscopy (XPS) is a quantitative spectroscopic technique that measures the elemental composition, empirical formula, chemical state and electronic state of the elements that exist within a material. Here, the oxidation state of gold nanoparticles was confirmed by XPS studies. Fig. 2 presents the XPS spectrum of GNPs showing the characteristic Au; 4f7/2 and 4f5/2 doublets. The clear peaks centered at 83.1 eV and 87.3 eV are the existence of SGNP's [14] . 
UV-Visible Spectroscopy Studies
UV-visible spectroscopy is one of the most important techniques to ascertain the formation and stability of metal nanoparticles in aqueous solution. Fig. 3 shows the UV-visible spectra of SGNPs in water solution. UV-visible spectrum of SGNPs shows peak at 530 nm is due to the size, shape and surface plasmon resonance (SPR) effect of the gold nanoparticles [15] . Usually for the spherical nanoparticles, the SPR band maximum generally falls between about 520 and 540 nm [16] . 
Conclusion
In summary, we report a novel and simple method for the synthesis of spherical gold nanoparticles through a surfactant free single step method. Transmission electron microscopy (TEM) was evaluated to analyze the morphology and formation of SGNPs. The average diameter of single SGNPs was calculated to be ∼2.5 -5 nm. The SPR property of the SGNPs was analyzed by optical measurement. We anticipated that this method would be more useful for the large-scale synthesis of gold nanomaterials and find applications in electro-catalyst, biosensors etc.
